INTRODUCTION
Measures of tobacco dependence have failed to demonstrate the expected relationships with important smoking-related criteria (see [1] ). As a result, researchers have attempted to refine the conceptualization and measurement of this concept. Over the past 6 years several new measures have emerged, including the Hooked on Nicotine Checklist (HONC; [2] ), the Cigarette Dependence Scale (CDS; [3] ), the Nicotine Dependence Syndrome Scale (NDSS; [4] ) and the Wisconsin Inventory of Smoking Dependence Motives (WISDM-68; [5] ). It is hoped that these newer tools will reconcile the theoretical importance of the tobacco dependence construct with its modest empirical support.
The criteria for nicotine dependence in the current Diagnostic and Statistical Manual of Mental Disorders (i.e. the DSM-IV; [6] ) have also been the focus of recent study (e.g. [7, 8] ), and it has been suggested that these criteria be considered for modification in the upcoming DSM-V (e.g. [9] ). Indeed, evidence for the validity of the DSM-IV criteria for nicotine dependence is limited (see [1] ). The DSM-IV diagnosis of nicotine dependence requires the presence of at least three of the following seven criteria *Data in the following manuscript were derived from three clinical trials. Two of these trials are registered with the National Institutes of Health (NIH), and can be accessed at http://clinicaltrials.gov; 'Maintaining Abstinence in Chronic Cigarette Smokers' (identifier: NCT00087880) and 'Maintaining Nonsmoking: Older Smokers' (identifier: NCT00086385). Per NIH regulations, the third trial was not entered into a publicly accessible database because it was funded by a multiple project center grant and hence exempt from the registration requirement.
during the past year: (i) tolerance; (ii) withdrawal; (iii) using more than intended; (iv) difficulty controlling use; (v) spending a great deal of time (obtaining or using nicotine); (vi) giving up activities; and (vii) use despite harm.
One possible modification of DSM criteria for nicotine dependence was offered recently by Hughes [9] , who noted that the same dependence criteria are applied across all drugs of abuse, based on the notion that all substances share common features of problematic use. However, Hughes suggested that not all DSM-IV criteria apply to nicotine dependence. The author proposed that only withdrawal, difficulty controlling use and use despite harm are applicable to nicotine dependence. This assertion was based on observations that these three features are common among cigarette smokers, whereas the remaining four criteria are more common among other drugs of abuse (e.g. [10, 11] ).
A second potential modification of DSM criteria lies in negative reinforcement models of addiction (e.g. [12, 13] ) that emphasize the primacy of tolerance and withdrawal (see [14] ). In short, these models posit that drug dependence is marked principally by these two features, which are the result of the homeostatic adaptation of the nervous system to chronic drug use. In its definition of substance dependence, the DSM-IV underscores tolerance and withdrawal, and dictates that the presence of these symptoms indicate 'physiological dependence' [6] . Although neither tolerance nor withdrawal are necessary or sufficient for a diagnosis of dependence in the DSM-IV, nicotine dependence criteria based on models of negative reinforcement might focus solely on these two symptoms.
In addition to having immediate implications for the DSM-V, an investigation of nicotine dependence criteria would lend suggestions to similar diagnostic frameworks such as the International Classification of Diseases [15] , and would provide insight into the essential features of tobacco dependence. To our knowledge, no previous studies have compared novel sets of DSM items to the complete diagnostic criteria.
The goals of the current investigation were to test the concurrent and predictive validities of the nicotineapplicable criteria offered by Hughes [9] and the negative reinforcement model criteria against the validity of the full DSM-IV criteria for nicotine dependence. Data were drawn from three randomized clinical trials of tobacco dependence. Regression analyses were used to compare the subset criteria offered by Hughes and the negative reinforcement model to the full DSM-IV criteria in predicting baseline smoking-related characteristics (e.g. cigarettes smoked per day) and treatment outcome (i.e. smoking status). If either of the two subsets of specific criteria encapsulates the key features of tobacco dependence, then these criteria should explain a significant and robust amount of the variance in baseline smokingrelated characteristics and treatment outcome, and the remaining DSM-IV criteria should provide for a marginal addition in explained variance. If neither subset encompasses the core characteristics of tobacco dependence, then we should find that the addition of the remaining DSM-IV criteria provide for a marked increase in explained variance.
METHODS

Source data
Data were drawn from three randomized clinical trials of cigarette smoking treatment conducted in San Francisco, CA, from which we formed two samples: 'chronic smokers' and 'depressed smokers'. Data from these two samples were analyzed separately to provide for replication of the findings among different groups of smokers and varying treatment contexts.
Sample 1: chronic smokers
Data from two clinical trials to 12 weeks of treatment were merged to form this sample (n = 810). Both trials were designed to test interventions for chronic smoking behavior, and had similar interventions across treatment conditions during the first 12 weeks of treatment. Although inclusion criteria for the two trials differed to a degree, participant characteristics across trials were largely comparable. The two samples were combined to provide for increased power to detect relationships among variables of interest.
Participants from both trials were recruited through direct provider referral, flyers, advertisements, public service announcements and outreach to community organizations. Inclusion criteria for trial 1 (n = 407) were smoking at least 10 cigarettes per day and smoking within 30 minutes of awakening. Inclusion criteria for trial 2 (n = 403) were smoking at least 10 cigarettes per day and being at least 50 years old. Intention to quit smoking was an inclusion criterion for both trials. Exclusion criteria for both trials were inability to speak English, use of psychiatric drugs, presence of a condition that contraindicated use of pharmacological treatments or presence of conditions that might interfere with compliance with protocol (e.g. severe alcohol abuse) or greatly complicate treatment (e.g. acutely life-threatening disease). An additional exclusion criterion of trial 1 was age younger than 18 years.
Participants from both trials who met the screening criteria during a telephone interview were provided with an overview of the program and invited to the project offices to complete a pre-treatment baseline assessment and screening physical examination. Upon completion of the baseline assessment, participants were assigned randomly to experimental conditions. Interventions for both trials to 12 weeks consisted of 12 weeks of bupropion, 10 weeks of nicotine replacement therapy (NRT) and five group counseling sessions. Participants initiated the use of 300 mg per day of buproprion during week 1. Trial 1 participants received a 10-week supply of the transdermal nicotine patch, whereas participants in trial 2 received a 10-week supply of the nicotine gum. In both trials participants initiated the use of NRT on their quit date, which occurred during week 2. Intervention components of the group counseling sessions included psychoeducational didactics, and the development of personalized quit plans centered on cognitive and behavior coping skills.
Sample 2: depressed smokers
Data from one clinical trial to 12 weeks of treatment formed this sample (n = 322). This randomized trial was designed to investigate treatment for smoking among currently depressed mental health out-patients. Study recruitment, design and intervention components have been described in detail elsewhere [16] [17] [18] . Briefly, patients diagnosed with current unipolar depression, over 18 years of age, who smoked at least one cigarette per day, and were in active mental health treatment at one of the participating clinics were recruited. Intention to quit smoking was not a prerequisite for study participation. Exclusion criteria were inability to speak English, history of bipolar disorder or contraindications to use of NRT or bupropion.
Participants in the control condition (n = 159) received smoking cessation referrals and a self-help pamphlet. At baseline, participants in the experimental condition (n = 163) completed a computer-delivered expert system intervention based on the Stages of Change model and received individualized feedback designed to motivate smokers to quit. Treatment participants interested in quitting also could receive cessation treatment consisting of the nicotine patch and six 30-minute sessions of individual counseling provided over the course of 8 weeks focused on mood monitoring and management, behavioral relapse prevention strategies and relaxation and social support skills [19] .
Participant characteristics
The chronic smoker sample was 60% male with a mean age of 48.7 years [standard deviation (SD) = 11.3]. Of this sample, 77% were white, 8% were black/African American, 5% were Asian/Pacific Islander, 9% were multi-racial, 1% were American Indian/Alaska Native and 6% were Hispanic/Latino (assessed across all racial categories). The sample averaged 30.3 years (SD = 11.9) of smoking; 19.8 cigarettes smoked per day (SD = 8.1), indicating a heavy smoking rate; an FTND score of 4.9 (SD = 2.0), indicating a moderate level of nicotine dependence; and a breath carbon monoxide (CO) reading of 21.49 parts per million (p.p.m.) (SD = 10.7), indicating recent use of cigarettes.
The depressed smoker sample was 30% male with a mean age of 41.8 years (SD = 12.5). Of this sample, 69% were white, 10% were black/African American, 2% were Asian/Pacific Islander, 8% were'other', 4% were multiracial and 7% were Hispanic/Latino (assessed as a distinct racial category). The sample averaged 24. 
Measures
Diagnostic interview schedule for DSM-IV (DIS-IV; [20])
A computerized version of DIS-IV was administered at baseline to both the chronic smoker and depressed smoker samples. Each of the seven DSM-IV nicotine dependence criteria was assessed as being either present or absent in the past year with this instrument. Consistent with the DSM-IV, participants were diagnosed as nicotine-dependent if they reported experiencing three or more of the seven nicotine dependence symptoms in the past year. Participants were diagnosed with nicotine withdrawal if they endorsed the characteristic nicotine withdrawal syndrome or if they reported using nicotine to relieve or avoid withdrawal symptoms.
Fagerström Test of Nicotine Dependence (FTND; [21])
The FTND, which measures physical tobacco dependence, was administered at baseline to both samples. This measure was incorporated in concurrent validation analyses because it is the most widely used measure of dependence, and data support its validity (see [1] ).
Smoking Information Questionnaire (SIQ) and breath CO
The SIQ assessed number of cigarettes smoked per day, while CO provided biochemical verification of cigarette use. These measures were administered at baseline to both samples. They were included in the concurrent validation analyses because the degree of cigarette use (i.e. smoking heaviness) is considered central to tobacco dependence (e.g. [22] ).
Minnesota Nicotine Withdrawal Scale (MNWS; [23])
The MNWS, an eight-item questionnaire that measures each symptom of withdrawal over the past 24 hours, was administered at baseline to the chronic smoker sample. The MNWS has favorable psychometric properties and compares well with other measures of tobacco withdrawal [24] . This measure was used in concurrent validation analyses because withdrawal is believed to be a fundamental criterion of tobacco dependence (e.g. [25] ).
Michigan Nicotine Reinforcement Questionnaire (M-NRQ; [26])
The M-NRQ, a self-rating scale that measures positivereinforcement smoking (Positive Reinforcement Scale; PRS) and negative-reinforcement smoking (Negative Reinforcement Scale; NRS), was administered to the chronic smoker sample at baseline. This measure was included in concurrent validation analyses because its scales have been shown to be associated with number of variables relevant to cigarette use, including nicotine dependence (as measured by an earlier version of the FTND).
Profile of Mood States (POMS; [27])
The POMS, which provides six subscale scores and a Total Mood Disturbance score (TMD), was administered at baseline to the chronic smoker sample. POMS scores have been shown to be sensitive to a variety of drug and psychotherapeutic interventions, as well as smoking relapse (e.g. [19] ). The POMS was used in concurrent validation analyses because the regulation of negative affect is proposed to be the primary motivational factor in cigarette and other drug use [28] .
Point-prevalence abstinence
Participants' self-reported smoking status in the past week, verified with the use of CO, was assessed at week 12 in both samples. This measure was used in predictive validity analyses because the prediction of treatment outcome is considered a 'gold standard' for tobacco dependence measures (e.g. [9] ).
Analysis strategy
Three regression models were examined: (i) the 'nicotineapplicable' model suggested by Hughes [9] , consisting of withdrawal, difficulty controlling use and use despite harm as the independent variables; (ii) the 'negativereinforcement' model, consisting of tolerance and withdrawal as the independent variables; and (iii) the 'full' model, containing each of the seven DSM-IV criteria as the independent variables. In each model, each of the criteria were coded as 0 = 'absent,' 1 = 'present.' Both the nicotine-applicable model and the negativereinforcement model were nested in the full model. Data analyses were conducted in two phases. First, we tested whether the full model provided for a significant increment in the proportion of variance explained in baseline smoking-related characteristics above and beyond either the nicotine-applicable model or the negative-reinforcement model using linear regression analyses. Analyses were conducted as follows: (i) both the nicotine-applicable model and the negativereinforcement model were estimated; (ii) the remaining DSM-IV items missing from each model were added to the nicotine-applicable model and the negativereinforcement model; thus, each resulting in the same full model; (iii) the full model was estimated, and the increment in R 2 upon the addition of the remaining items to the nicotine-applicable model and the negativereinforcement model was tested. These analyses represented the tests of concurrent validity of the three models.
Next, we tested if the full model was a more robust predictor of smoking status at week 12 than either the nicotine-applicable model or the negative-reinforcement model using logistic regression analyses. Analyses were conducted as follows: (i) both the nicotine-applicable model and the negative-reinforcement model were estimated; (ii) the remaining DSM-IV items missing from each model were added to the nicotine-applicable model and negative-reinforcement model; thus, each resulting in the same full model; (iii) the full model was estimated and the change in goodness-of-fit upon the addition of the remaining items to nicotine-applicable model and the negative-reinforcement model was tested. These analyses represented the tests of predictive validity of the three models. Table 1 displays the percentage of participants in both treatment groups who endorsed each DSM-IV criterion. Among chronic smokers, internal consistency of the nicotine-applicable (Cronbach's alpha = 0.33), negativereinforcement (Cronbach's alpha = 0.37) and full (Cronbach's alpha = 0.54) model items were below conventional standards for clinical use (e.g. [29] ). Among depressed smokers, internal consistency of the nicotine-applicable (Cronbach's alpha = 0.25), negative-reinforcement (Cronbach's alpha = 0.39) and full (Cronbach's alpha = 0.51) model items also were below conventional standards. These results suggest that validity analyses may have been compromised by the models' poor reliability. Seventy-one percent of chronic smokers and 69% of depressed smokers met DSM-IV criteria for current nicotine dependence. Tables 2 and 3 shows the results from regression analyses for chronic smokers and depressed smokers, respectively. With rare exception, the full model explained a significantly greater amount of variance than both the nicotine-applicable model and the negativereinforcement model in smoking-related characteristics. However, the full model accounted for very little of the variance in these variables.
RESULTS
DSM-IV criteria
Concurrent validation
Concurrent validity of specific DSM items
Because neither the nicotine-applicable model nor negative-reinforcement model demonstrated superior concurrent validity to the full DSM-IV criteria, the concurrent validity of each DSM-IV criterion was investigated. The purpose of this analysis was to identify those items that appeared to differentiate most clearly the less dependent from the more dependent smokers. Only those baseline smoking-related characteristics that the full model had predicted significantly were evaluated in this portion of the analysis.
Tables 4 and 5 display significant predictors of smoking-related baseline characteristics among chronic and depressed smokers, respectively. As displayed in the tables, DSM-IV criteria predicted a range of smokingrelated variables. Among the most consistent predictors was giving up activities (a significant predictor of five of five variables among chronic smokers and three of three variables among depressed smokers) and spending a great deal of time (a significant predictor of three of five variables among chronic smokers and two of three variables among depressed smokers). Finally, although chronic smokers who did not endorse difficulty controlling use were more likely to report higher withdrawal, negative reinforcement smoking, and mood disturbance, the lack of variance in response to this item suggests that this finding may have been anomalous.
Predictive validity
None of the three models predicted the likelihood of smoking abstinence at week 12 for either chronic smokers (all Ps > 0.50) or depressed smokers (all Ps > 0.30). Because the prediction of treatment outcome (i.e. smoking status) is considered one of the most important tests of validation for measures of tobacco dependence (e.g. [9] ), the predictive validities of three alternative measures that have demonstrated significant validity in other studies of tobacco dependence also were examined. These were: FTND scores (e.g. [30, 31] ), time to first cigarette of the day [32] and cigarettes smoked per day (e.g. [33] ).
Among chronic smokers, FTND scores (Wald = 14.66, b = -0.14, P = 0.0001), time to first cigarette of the day (Wald = 11.66, b = -0.27, P = 0.0006) and cigarettes per day (Wald = 13.32, b = -0.03, P = 0.0003) each significantly predicted probability of smoking abstinence at week 12. To determine the strongest predictor of smoking abstinence among these three variables, FTND, time to first cigarette and cigarettes smoked per day were entered into a simultaneous logistic regression. Results indicated that FTND (Wald = 0.74, b = -0.05, P = 0.38) and time to first cigarette (Wald = 1.24, b = -0.13, P = 0.26) were no longer related to likelihood of smoking abstinence at week 12, whereas higher daily cigarette consumption at baseline (Wald = 4.24, b = -0.02, P = 0.04) continued to be associated with a lower probability of smoking abstinence at week 12.
Among depressed smokers in the control condition, FTND scores (Wald = 1.76, b = -0.15, P = 0.18) and time to first cigarette (Wald = 0.30, b = -0.13, P = 0.58) were unrelated to smoking abstinence probability at week 12. However, higher daily cigarette consumption (Wald = 4.75, b = -0.08, P = 0.03) was associated with a lower probability of smoking abstinence at this time. Among depressed smokers in the experimental condition, FTND scores (Wald = 2.15, b = -0.15, P = 0.14), time to first cigarette (Wald = 2.27, b = -0.32, P = 0.13) and cigarettes smoked per day (Wald = 0.81, b = -0.02, P = 0.37) were each unrelated to smoking abstinence likelihood at week 12.
DISCUSSION
Our findings support the incremental validity of the full DSM-IV criteria over both of the subsets of items explored in the current investigation. Accordingly, our results offer no decisive alternative to the full set of DSM-IV nicotine dependence criteria. However, the full DSM criteria accounted for only a very modest percentage of variance in smoking-related characteristics, and failed to predict treatment outcome. Furthermore, DSM-IV items demonstrated internal consistency below standards for clinical use. These findings are consistent with previous research (see [1] ) and suggest that the DSM-IV items, as they are currently constructed, may not be well suited for most clinical or research purposes. Although there may be clinical utility in providing a diagnosis of dependence for third-party reimbursement, the primary strength of the DSM-IV and DSM-type measures (e.g. [15] ) may lie in their ability to provide a somewhat basic description of tobacco dependence. Cigarettes smoked per day was the strongest predictor of treatment outcome, outperforming FTND scores and time to first cigarette. This finding is consistent with past research [33] , and suggests that while cigarette consumption may represent a rather unsophisticated indicator of dependence it may nevertheless be a more sensitive measure than some of the most widely used indices.
The relatively poor psychometric properties of DSM-IV nicotine dependence criteria do not necessarily indicate that these criteria are not valid indicators of the dependence construct. Rather, the chief shortcoming of DSM-IV items may be the manner in which they are assessed. The dichotomous scoring of each item may mask the true range of symptom severity and reduce the power of the DSM-IV (see [34, 35] ), and because the DSM-IV uses single items to assess symptom domains, item-specific error may be exaggerated (see [29] ). These limitations may attenuate the reliability and validity of the measure. Indeed, the CDS [3] , which incorporates some of the DSM-IV items and measures them in a continuous manner, demonstrates good reliability.
Review of predictors of smoking characteristics among DSM-IV criteria points to which items may be especially useful at signaling higher levels of dependence if assessed dimensionally. While all items predicted baseline smoking variables to a degree, giving up activities and spending a great deal of time appear to carry relatively unique significance. Notably, these items were the two least frequently endorsed of all DSM-IV criteria. One potential explanation for this finding is that the more frequently endorsed items reflect processes that occur relatively early in the dependence process, whereas those items that are endorsed relatively infrequently reflect phenomena that occur in the later, more severe, stages of addiction. Consistent with this interpretation, past research using item response modeling found that giving up activities was endorsed least frequently, yet was associated with the highest levels of involvement with cigarettes among a large population of smokers [36] . This suggests that the upcoming DSM-V should retain those criteria that appear to be more characteristic of other forms of drug dependence. Note, however, that the current results do not address the question of whether dependence manifests itself similarly across substances. In fact, recent research indicates that the DSM-IV criteria measure different levels of dependence across different types of illicit drugs [37] . Thus, as suggested by Hughes [9] , tobacco dependence may manifest itself differently than other forms of substance dependence.
Limitations
There were limitations to this investigation that should be acknowledged. The computerized DIS may not be the ideal method of assessing DSM-IV nicotine dependence symptoms. It is possible that an alternate approach, such as expert interview, would yield different results. Furthermore, the clinical nature of the study's samples limits the generalizability of the findings. Specifically, the participants in the current study may have been more tobaccodependent than the population of cigarette smokers. This could explain the lack of variance in some of the item responses (e.g. difficulty controlling use), which likely reduced the reliability of the measure, as well affected its relations with other variables (see [29] ). Thus, the continued assessment of DSM-IV criteria may prove worthwhile.
Recommendations and future directions
Our findings add to a body of literature indicating that the DSM-IV is an ill-suited index of tobacco dependence. Given the general acceptance and wide use of the DSM, it would be impractical to recommend that the tool be abandoned. How, then, can the validity of DSM-IV nicotine dependence criteria be improved?
Perhaps one approach lies in contemporary theories that regard dependence as a continuous construct with multiple degrees of severity (see [38] ). This view is somewhat incompatible with the psychiatric diagnostic model upon which the DSM-IV and similar measures (e.g. [15] ) are based. However, the possible benefit to the DSM of assessing each nicotine dependence criterion on a continuum should be explored. Moreover, our results suggest that a continuous measure of consumption (e.g. cigarettes smoked per day) may have its place in such a measurement system. Nevertheless, until the DSM shows improvement, clinicians and researchers alike should continue to incorporate multiple, alternative measures of tobacco dependence.
